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Summary 6 
Reasons for performing study: The pattern of long-term survival and specific factors 7 
associated with long-term survival have not previously been evaluated in horses with a 8 
strangulating large colon volvulus (LCV).  9 
Objectives:  The aims of this study were to provide data on the long-term survival of horses 10 
with LCV and to identify pre-, intra- and post-operative variables associated with survival.    11 
Methods:  Clinical data and long-term follow up information were obtained from 116 horses 12 
with a strangulating LCV (≥ 360˚) undergoing general anaesthesia.  Two multivariable Cox 13 
proportional hazards models for post-operative survival time were developed: Model one 14 
included all horses and evaluated pre-operative variables and model two included horses that 15 
survived anaesthesia and evaluated pre, intra and post-operative variables.   16 
Results:  The study population comprised 116 horses. Eighty-nine (76.6%) survived general 17 
anaesthesia.  Of these, the percentage that survived until discharge, to one year, and to two 18 
years was 70.7%, 48.3% and 33.7% respectively. Median survival time for horses that 19 
survived general anaesthesia was 365 days. In model one increased pre-operative packed cell 20 
volume (PCV) was significantly associated with reduced post-operative survival (Hazard 21 
Ratio [HR] 1.08, 95% confidence intervals [CI] 1.05 – 1.11).  However, this effect changed 22 
over time.  In model two abnormal serosal colour intra-operatively (HR 3.61, 95% CI 1.55 – 23 
8.44), increased heart rate at 48 hours post-surgery (HR 1.04, 95% CI 1.02 – 1.06), and colic 24 
during post-operative hospitalisation (HR 2.63, 95% CI 1.00 – 6.95), were all significantly 25 
associated with reduced post-operative survival. 26 
Conclusions: Survival time in horses with a LCV was associated with pre-operative PCV, 27 
serosal colour, heart rate at 48 hours post-operatively, and colic during post-operative 28 
hospitalisation.  29 
 3
Potential relevance:  This study provides evidence based information on the long-term 30 
survival of horses with LCV and identifies parameters that may assist decision making by 31 
clinicians and owners. 32 
 33 
Introduction:   34 
Identification of factors that are significantly associated with prognosis following surgical 35 
treatment of colic allows clinicians and owners to make informed decisions regarding the 36 
management of individual horses [1, 2].  It has been recognised that these key prognostic 37 
indicators, and survival patterns following surgery, differ for various types of colic [1, 2, 3].  38 
However, relatively few studies provide information regarding survival patterns following 39 
hospital discharge or on key prognostic indicators for specific surgical lesions.  40 
 41 
Large colon volvulus (LCV) is one of the most painful and rapidly fatal causes of colic in the 42 
horse [4]. LCV represents between 10 and 20% of horses with colic that undergo exploratory 43 
laparotomy [5, 6].  Volvulus greater than or equal to 360 degrees has been found to be 44 
strongly associated with poor survival [3], with survival to discharge following strangulating 45 
LCV reported to lie between 36 and 74% [7, 8, 9]. In a study modelling long-term survival of 46 
horses following surgery for large intestinal disease, age, pre-operative PCV and heart rate 47 
were found to be significantly associated with post-operative mortality; however, horses with 48 
a strangulating LCV represented only 20% of the cases included in this study [3].  Post-49 
operative persistent tachycardia has been previously suggested to indicate a poor prognosis 50 
for survival in horses with LCV [10] and in horses undergoing large colon resection and 51 
anastomosis (LCRA), increased heart rate at 24 hours post-operatively was significantly 52 
associated with post-operative mortality [11].  However, specific determinants of survival for 53 
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horses with a strangulating LCV have not been investigated in a large number of cases using 54 
survival analysis.   55 
 56 
The aims of this study were to provide data on the long-term survival of horses with 57 
strangulating LCV and to identify pre, intra and post-operative variables associated with 58 
survival.    59 
 60 
Materials and methods:   61 
Study population 62 
The case records of all horses with a LCV, (greater than or equal to 360 degrees), identified 63 
at exploratory laparotomy between 1st January 2001 and 31st December 2010 at the detail to 64 
be provided on acceptance Equine Hospital, United Kingdom were reviewed.  Horses were 65 
included if they underwent general anaesthesia and exploratory laparotomy.  Horses that were 66 
euthanased during surgery were included, but horses that died or were euthanased prior to 67 
anaesthesia were excluded from the study population.  Pre-, intra- and post-operative data 68 
were extracted from hospital records and entered into a computer database.  Short-term 69 
survival data whilst in the hospital (reason for death and date of death) were obtained from 70 
hospital records.  To evaluate long term survival, telephone questionnaires with owners were 71 
conducted following discharge from the hospital. The telephone questionnaire asked the date 72 
of death and reason for death.   Questionnaires were conducted quarterly for the first year 73 
following colic surgery and bi-annually thereafter as part of an on-going study on colic 74 
survival [3].  This was with the exception of a 30-month period during which questionnaires 75 
were suspended due to an alteration in the study’s funding.  Owners were re-contacted after 76 
this period.  All horses remained in the study until they died or were lost to follow up, for 77 
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example, following a change of ownership.  In cases where the owner was unable to provide 78 
the exact date of death or censorship, this was defined as the mid-point of the week or month 79 
in which the horse was reported to have died or been sold.  In this study the term death 80 
includes death due to euthanasia.  81 
 82 
Statistical analysis 83 
Descriptive data were generated and survival time was used to construct a Kaplan-Meier plot 84 
of cumulative probability of survival [12]. The study population was divided into two groups.  85 
Group one included the entire study population and evaluated pre-operative variables (model 86 
one).  Group two included only those horses that recovered successfully from anaesthesia and 87 
evaluated pre, intra and post-operative variables (model two).  Prior to univariable analysis, 88 
all variables were assessed for correlation using Spearman’s rank correlation coefficients. 89 
 90 
For both groups association with survival time was modelled using Cox proportional hazards 91 
models [12].  Survival time (days) was measured as a continuous variable starting from the 92 
date of induction of anaesthesia until death or censoring.  Potential explanatory variables 93 
were screened for univariable association with survival time.  The functional form of the 94 
relationship between continuous variables and survival time was modelled using penalised 95 
Cox models and by generating smoothing splines for each continuous variable [13]. Variables 96 
showing some evidence of univariable association with outcome (P<0.2) were evaluated in a 97 
multivariable Cox proportional hazards model, which was constructed using a backwards, 98 
stepwise elimination procedure [12]. Variables remained in the model if they significantly 99 
improved the fit (p≤0.05) assessed using the likelihood ratio statistic.  Variables with >33% 100 
of missing values were excluded from the initial model-building procedure.  Biologically 101 
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plausible interaction terms for variables remaining in the final model were assessed.  As Cox 102 
models assume proportional hazards, (i.e. the effect of a variable on the outcome is constant 103 
over time), model diagnostics performed included Schoenfield residual plots to assess 104 
proportionality throughout survival time.  In addition, graphical assessment of log cumulative 105 
hazards plots for categorical variables was performed.  Scaled changes in the regression 106 
coefficient for each observation (delta betas) were used to evaluate potential leverage by 107 
individual observations for each variable [12].  The model was rerun excluding observations 108 
with large delta-beta values (>0.4 or <-0.4) to evaluate their influence on parameter 109 
estimates.  The critical probability for all analyses was set at 0.05.   110 
 111 
Results:   112 
The study population included 116 horses, of which 63 (54%) were mares, 52 (45%) were 113 
geldings and 1(1%) was a stallion. The median age of horses was 11 years (range 1-28 years) 114 
and the median weight was 580kg (range 350-750kg).  The median duration of colic signs 115 
prior to surgery was 10 hours (range 3-96 hours).  Median heart rate on admission was 60 116 
beats/min (range 32-108 beats/min) and median packed cell volume (PCV) was 45% (range 117 
27-65%).  Only two horses underwent a large intestinal resection.   118 
 119 
Of the 116 horses, 89 (76.7%) recovered from anaesthesia. Of these horses, the percentage 120 
that survived until discharge, to one year, and to two years was 70.8%, 48.3% and 33.7% 121 
respectively.  The reasons for death are shown in table 1. Sixteen horses were lost to follow 122 
up.  The study included 67,386 days of survival.  Median survival time for all horses was 88 123 
days (Figure 1a) and median survival time for those horses that successfully recovered from 124 
anaesthesia was 365 days (Figure 1b).  125 
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The results of univariable relationships of potential explanatory pre-operative variables with 127 
survival time as the outcome measure, when all the horses were included (Group one) are 128 
shown in Supporting items 1 and 2 (available online). On univariable analysis pre-operative 129 
variables significantly associated with increased risk of post-operative death were the degree 130 
of pain on admission, pre-operative heart rate and pre-operative PCV.  The final Cox 131 
proportional hazards model (Model one) included only the variable pre-operative PCV, 132 
which was positively and significantly associated with the risk of post-operative death and 133 
demonstrated a linearly increasing likelihood of mortality (Figure 2 and Table 2). However, 134 
there was evidence of significant non-proportionality of the effect of the variable PCV over 135 
time (Figure 3), with reduced risk over time (p<0.007).  A PCV*ln(time) interaction term was 136 
added to the model (Table 2).  The effect of PCV was allowed to interact with time on a 137 
natural log scale; this was chosen since it was assumed that the effect of PCV would be 138 
greatest in the immediate post-operative period and then reduce as time passed.  The 139 
PCV*ln(time) interaction term was significant, confirming that the effect of PCV does vary 140 
with time. Using this model, the hazard ratio was computed at a number of time points, with 141 
the hazard ratio at time t equal to 1.08*0.96 ln(t) (Table 3).  The effect of pre-operative PCV 142 
decreases until day 7 post-operatively then the effect disappears.   143 
 144 
To illustrate these results, a horse with a LCV that has a PCV on admission of 55% has a 4.7 145 
times greater risk of mortality, intra or post-operatively, than a horse with a pre-operative 146 
PCV of 35%. 147 
 148 
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The results of univariable relationships of potential explanatory pre, intra and post-operative 149 
variables with survival time as the outcome measure, when only those horses that recovered 150 
successfully from anaesthesia were included (group two) are shown in Supporting items 3 151 
and 4 (available online).  Categorical variables that were significantly associated with 152 
increased risk of post-operative death were colour of large colon serosa (normal/abnormal), 153 
colour of mucosa at the enterotomy site (normal/abnormal), haemorrhage at the enterotomy 154 
site (present/absent), colic during post-operative hospitalisation (no/yes) and repeat 155 
laparotomy (no/yes).  Derangements in serosal and mucosal colour and the presence of 156 
haemorrhage at the enterotomy site were defined by the surgeon at the time of exploratory 157 
laparotomy and recorded in the horse’s surgical report.  Continuous variables significantly 158 
associated with increased risk of post-operative death were pre-operative heart rate and pre-159 
operative PCV, heart rate at 24 and 48 hours post-operatively, PCV at 24 and 48 hours post-160 
operatively and total protein at 24 and 48 hours post-operatively. The final Cox proportional 161 
hazards model included serosal colour intra-operatively (normal/abnormal), heart rate at 48 162 
hours post-surgery and colic during post-operative hospitalisation (no/yes), which were all 163 
positively associated with risk of post-operative death (Table 4).  Examination of the 164 
functional form of the relationship of heart rate at 48 hours post-operatively demonstrated a 165 
linearly increasing likelihood of mortality, with no evidence of non-linearity (Figure 4).  In 166 
model two graphical and statistical evaluation of Schoenfeld residuals for all variables, and 167 
graphical assessment of log cumulative hazard plots for categorical, confirmed the 168 
assumption of proportional hazards to be valid (Supporting item 5 and Supporting item 6a 169 
and Supporting item 6b, available online). 170 
 171 
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To illustrate the results for model two, a horse with a LCV that has a heart rate of 60 beats 172 
per minute at 48 hours post-operatively has a 2.2 times greater risk of post-operative 173 
mortality than a horse with a heart rate of 40 beats per minute at 48 hours post-operatively.   174 
 175 
For both models removal of influential individual observations with large delta-betas had 176 
little effect on coefficients, showing the models were stable and all observations were 177 
retained within the models.  178 
 179 
Discussion 180 
This study provides information on survival following surgery for a specific type of colic 181 
(strangulating LCV) and identifies risk factors for post-operative survival. The results of the 182 
study may assist clinicians with decision-making in the management of horses with 183 
strangulating LCV and clinicians can utilise this information to provide owners of these 184 
horses with evidence-based information regarding their survival following surgery.  185 
 186 
Survival to discharge following LCV has been previously reported to lie between 36-74% [7, 187 
8, 9].  This wide range can partially be attributed to differences between hospital populations, 188 
the lack of consistency in the definition of a strangulating LCV and the fact that some studies 189 
excluded horses that did not survive anaesthesia. Variation in the number of horses 190 
euthanised without an opportunity for exploratory laparotomy, due to a poor prognosis, will 191 
also influence survival rate.  This study included only horses with a volvulus of greater than 192 
or equal to 360 degrees in order to ensure all cases of volvulus were strangulating in nature. 193 
LCV was found to be associated with considerable post-operative mortality, with over 20% 194 
of horses not recovering from anaesthesia.  Of those horses that recovered from anaesthesia, 195 
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less than 50% were alive one year post-operatively and only a third of horses were alive two 196 
years post-operatively.     197 
 198 
Two models were created to allow exploration of pre, intra and post-operative parameters. In 199 
model one only increased pre-operative packed cell volume (PCV) on admission was 200 
significantly associated with increased post-operative mortality.  This significant association 201 
emphasises the importance of early referral of horses with a suspected LCV, prior to 202 
alteration of their PCV.  Pre-operative PCV has been shown previously to be significantly 203 
associated with long term survival for other colic types [1, 2] and in particular with long term 204 
survival following surgery for large intestinal disease [3]. Pre-operative PCV was found to be 205 
associated with an increased risk of mortality in the early post-operative period and its 206 
influence diminished by day 7. Elevated PCV on admission is likely to reflect the degree of 207 
systemic inflammatory response that may develop during hospitalisation, which will affect 208 
survival in the immediate post-operative period. Pre-operative PCV was not retained in 209 
model two when intra and post-operative variables were included.  It is likely that those 210 
horses that died or were euthanased on the operating table (and were therefore excluded from 211 
model two), had a high PCV on admission, and were excluded from model two. 212 
 213 
When pre, intra and post-operative variables were included in a multivariable model, the 214 
variables abnormal serosal colour of the large colon intra-operatively, heart rate at 48 hours 215 
post-operatively, and colic during post-operative hospitalisation were found to be 216 
significantly associated with reduced long term survival.  Alteration in serosal colour is 217 
indicative of the degree of vascular compromise of the large colon.  It may correlate with the 218 
degree of the systemic inflammatory response, which occurs as a result of the loss of mucosal 219 
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barrier function, and the subsequent trans-mural and trans-vascular migration of microbes 220 
and pathogen associated molecular patterns, including LPS (endotoxin), into the peritoneal 221 
cavity and circulation [14, 15].   Alternative intra-operative methods of estimating prognosis 222 
in cases of LCV, including pulse or surface oximetry, fluorometric evaluation [16, 17] and 223 
colonic luminal pressure [18] are often unreliable and may not be readily available. 224 
Histopathologic evaluation of an intra-operative biopsy, collected from the pelvic flexure, 225 
examining the crypts and interstitial crypt space has been shown to be a highly sensitive and 226 
specific predictor of post-operative survival in cases of LCV [19, 20].  However, intra-227 
operative evaluation of a biopsy is often impractical and a more recent study found 228 
histopathological evaluation of pelvic flexure biopsies did not accurately predict survival 229 
[21]. 230 
 231 
Post-operative persistent tachycardia has been suggested to indicate a poor prognosis for 232 
survival in horses with LCV [10]; however, its effect has never previously been quantified.  233 
Post-operative tachycardia is related to the degree of systemic inflammatory response present 234 
post-operatively [22], which is likely to determine survival in cases of strangulating LCV.  235 
Colic during post-operative hospitalisation may be due to localised sites of ischaemia, 236 
adhesion formation or stenosis [23]. Physiological derangements of the large intestine may 237 
predispose certain individuals to recurrent LCV or large colon displacement [24]. The risk of 238 
post-operative colic is significantly increased in horses with LCV [23] and in this study 239 
nearly 20% of this population died as a result of colic following discharge from the hospital.  240 
Colic during hospitalisation may contribute to a decision for euthanasia during hospitalisation 241 
or in other cases be a marker for colic post discharge from the hospital.  Further investigation 242 
into the incidence of post-operative colic in horses with LCV is warranted.   243 
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 244 
Variables with over 33% of missing values were excluded from the initial model building 245 
procedure. Whilst much of the data included in this study was collected prospectively some 246 
data was missing due to the severity of pain on admission and the obvious requirement for 247 
immediate exploratory laparotomy. Adequate and complete follow-up is a prerequisite for the 248 
conduct of any survival study [25]. The 30-month period during the study where follow-up 249 
questionnaires were suspended was due to an alteration in funding, and may have reduced the 250 
accuracy of survival time and increased the number of censored individuals.  In addition, as 251 
in numerous other veterinary studies evaluating survival time, the censorship of horses that 252 
were lost to follow-up, and the lack of differentiation between death and euthanasia, may 253 
have resulted in erroneous inferences from the data [26, 27].  Horses that were euthanased on 254 
the operating table were not excluded from the study population; it was deemed their 255 
inclusion would provide clinicians and owners with more accurate information on the 256 
prognosis of horses presenting with a strangulating LCV.  However, the inclusion of horses 257 
that were euthanased on the operating table allows a surgeon’s judgment and the owner’s 258 
financial situation to have a potential influence on survival time.  In an attempt to assess the 259 
effect of financial constraints on survival, insurance status was assessed within the models, 260 
and was found not to be significant (see Supporting items 1 and 3). 261 
 262 
Extrapolation of these findings to other populations must be done with caution; over 40% of 263 
this population of LCV cases were geldings and the median duration of colic signs prior to 264 
admission was 10 hours.  The study only included two horses that underwent a large colon 265 
resection and anastomosis (LCRA); in our hospital population LCRA has previously been 266 
associated with poor survival in horses with large intestinal disease [3].  However, Ellis et al. 267 
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[9] demonstrated favourable survival in horses with strangulating LCV that underwent 268 
LCRA, in a population comprising 88% mares with a mean duration of colic signs prior to 269 
admission of 4 hours.  Whether LCRA improves the prognosis of horses with strangulating 270 
LCV requires further investigation [9, 11]. 271 
 272 
In conclusion LCV is associated with considerable post-operative mortality.   Median 273 
survival time in horses with a strangulating LCV that survived anaesthesia was 365 days.  274 
Increased pre-operative PCV was significantly associated with increased post-operative 275 
mortality, illustrating importance of early referral, prior to alteration in PCV.  Alteration in 276 
serosal colour intra-operatively, increased heart rate at 48 hours post-operatively, and colic 277 
during post-operative hospitalisation were also significantly associated with increased post-278 
operative mortality. The study provides evidence based information on the survival of horses 279 
with LCV and identifies parameters that may assist the clinician when determining the 280 
prognosis for survival in individual horses. 281 
282 
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 284 
Table 1.  Reasons for death or euthanasia during intra and post-operative period.  1 Non-viable 285 
large colon as defined by surgeon at the time of exploratory laparotomy and recorded in the horse’s surgical report. 286 
 287 
Variable Coefficient Standard 
error 
Hazard 
ratio 
95% 
Confidence 
Intervals 
p-value 
PCV on admission 
(%) 
 
0.08  0.02 1.08 1.05-1.11 <0.001 
PCV*ln(time) 
interaction effect 
-0.04 0.01 0.96 0.95-0.97 <0.001 
 288 
Table 2. Final, multivariable Cox proportional hazards model (Model one) for post-operative 289 
death in 116 horses undergoing anaesthesia and exploratory laparotomy for LCV, including a 290 
PCV*ln(time) interaction term.  291 
Time post-operatively  Reason for death or euthanasia Number 
of horses  
% of 
deaths 
During surgery (n=23)  Euthanased:  non viable colon1 18  24 
 Euthanased:  unable to correct torsion 3  4 
 Euthanased:  second LCV  1  1.3 
 Died under anaesthesia 1  1.3 
During recovery from 
anaesthesia (n=4)  
Euthanased:  Unable to stand 2  2.7 
 Died:  Unable to stand 2  2.7 
During hospitalisation 
(n=26)  
Euthanased:  Systemic inflammatory response 
syndrome (SIRS) / pain / colon necrosis 
23  30.7 
 Euthanased:  gastric rupture 2  2.7 
 Euthanased:  concurrent synovial sepsis 1  1.3 
Following hospital 
discharge (n=22)  
Colic 17  22.7 
 Non-colic related 3  4 
 Unknown 2  2.7 
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 292 
 293 
Time (days) Ln(t) Hazard 
Ratio 
1 0 1.08 
3 1.10 1.03 
5 1.61 1.01 
7 1.95 0.99 
 294 
Table 3. Calculation of the hazard ratio in the presence of a PCV*time interaction term at 295 
different time points, with hazard ratio at time t equal to 1.08*0.96ln(t). 296 
 297 
 298 
Variable Coefficient Standard 
error 
Hazard 
ratio 
95% 
Confidence 
Intervals 
p-value 
Heart rate at 48 hours 
post-operatively 
(beats/minute) 
 
0.04  0.01 1.04 1.02-1.06 0.0005 
Serosal colour 
(normal/abnormal) 
 
1.28 0.43 3.61 1.55-8.44 0.003 
Colic during post-
operative 
hospitalisation 
0.97 0.50 2.63 1.00-6.95 0.05 
 299 
Table 4.  Final, multivariable Cox proportional hazards model (Model two) for post-300 
operative death in 89 horses with LCV recovering from general anaesthesia. 301 
 302 
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Figure 1a and Figure 1b: Kaplan-Meier survival curves for a) 116 horses undergoing 303 
general anaesthesia and exploratory laparotomy for LCV and b) 89 horses recovering from 304 
anaesthesia following exploratory laparotomy for LCV. 305 
 306 
Figure 2:  This graph illustrates the shape of the relationship between PCV on admission and 307 
the risk of mortality in 116 horses undergoing surgery for LCV. Spline fit (solid line), with 308 
95% confidence intervals (dotted lines) from univariable penalised Cox proportional hazards 309 
regression model are illustrated.  310 
 311 
Figure 3.  Schoenfield residual plots for Model one: PCV.  This graph reveals a lack of 312 
proportionality over survival time, demonstrating that the effect of pre-operative PCV alters 313 
with time (p<0.007). 314 
 315 
Figure 4:  This graph illustrates the shape of the relationship between heart rate at 48 hours 316 
post-operatively and the risk of mortality in 89 horses with LCV that survived anaesthesia. 317 
Spline fit (solid line), with 95% confidence intervals (dotted lines) from univariable penalised 318 
Cox proportional hazards regression model are illustrated.  319 
 320 
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Supporting item 1.  Univariable associations of pre-operative categorical variables (Cox 431 
proportional hazards model) with post-operative death in 116 horses with a large colon 432 
volvulus >360 degrees undergoing exploratory laparotomy. 433 
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Supporting item 2.  Univariable associations of pre-operative continuous variables (Cox 435 
proportional hazards model) with post-operative death in 116 horses with a large colon 436 
volvulus >360 degrees undergoing exploratory laparotomy. 437 
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Supporting item 3.  Univariable associations of pre, intra and post-operative categorical 439 
variables (Cox proportional hazards model) with post-operative death in 89 horses surviving 440 
anaesthesia following surgery for large colon volvulus >360 degrees. 441 
 442 
 22
Supporting item 4.  Univariable associations of pre, intra and post-operative continuousl 443 
variables (Cox proportional hazards model) with post-operative death in 89 horses surviving 444 
anaesthesia following surgery for large colon volvulus >360 degrees. 445 
 446 
Supporting item 5.  Schoenfield residual plots for Model two:  a) Heart rate at 48hours post-447 
operatively, b) Serosal colour and c) Colic during post-operative hospitalisation.  These 448 
graphs demonstrate proportionality throughout survival time, with all plots having no 449 
significant pattern over time. 450 
 451 
Supporting item 6a and Supporting item 6b.  Log minus log cumulative hazard plots for 452 
categorical variables in the final model Cox proportional hazards regression model (Model 453 
two) for survival in 89 horses surviving anaesthesia following surgery with LCV.  These 454 
graphs demonstrate proportionality throughout survival time. 455 
 456 
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